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of the light neutral
scalar h
0
is kinematically allowed for low values of tan  when radiative corrections to the
neutral Higgs masses are taken into account. The width of this decay mode is revisited on
the basis of a complete 1-loop diagrammatic calculation. We give the analytical expressions
and numerical results and compare them with the corresponding ones from the simpler and
compact approximations of the eective potential method and the renormalization group
approach.
1 Introduction
The search for Higgs bosons is a basic challenge for particle physics with the aim to shed light
on the mechanism of electroweak symmetry breaking. The Minimal Supersymmetric Standard
Model (MSSM) predicts at least one light neutral scalar Higgs particle. In order to experimen-
tally detect possible signals of Higgs bosons and to trace back as far as possible the physical
origin of a produced scalar particle, detailed studies of production and decay processes of Higgs
bosons are required.







, and a pair of charged bosons H

. At tree level, there are only two independent











of the lightest neu-
tral scalar boson h
0
. As has been found few years ago and worked out in various stages of
approximations [1, 2, 3, 4, 5, 6, 7, 8, 9, 10], radiative corrections in the MSSM Higgs sector
are large, proportional to m
4
top
at 1-loop in their leading terms. They signicantly modify the
tree level relations between masses and couplings and hence have to be taken into account for
phenomenological studies and for interpretation of the results from experimental searches.
A specic consequence of the large radiative corrections to the h
0











kinematically allowed. In refs. [3, 7] it
was shown that it can be the dominant decay mode of the h
0
and thus is of crucial importance for
the experimental search for supersymmetric Higgs bosons. The calculation of the decay width
was performed in various approximations: in the eective potential approach [3] and by the use
of renormalization group equations [7]. The expressions obtained in this way are of impressive
simplicity and thus most suitable for fast handling in Monte Carlo studies.
Besides these approximations, a diagrammatic calculation complete at the 1-loop level is
desirable. It allows for the virtual contributions from all particles from the MSSM spectrum
and the momentum dependence of the 2- and 3-point functions. This method is the technically
most complicated one, but also most accurate at the 1-loop level. It provides a reference frame
for checking the quality of the compact approximate formulae and allows to study the full
parameter dependence of the decay rate. In the analysis of experimental data for the MSSM
Higgs search done so far [12] only the available approximations were used.






of the light MSSM neutral scalar
boson is revisited on the basis of a complete 1-loop diagrammatic calculation. In addition, we
compare the results with the corresponding ones from the simpler approximations and discuss
the typical size of the dierences. The calculation is performed in the on-shell renormalization
scheme in the version worked out in ref. [9]. Section 2 contains a brief summary of the structure
of the propagator corrections and corrections to the neutral Higgs masses. The set of vertex






vertex is given in section 3 with the explicit analytical expressions in
the appendix. Results for the decay widths and branching ratios are presented and discussed in
sections 4 and 5. The appendices provide all conventions and necessary formulae.
1
2 The MSSM Higgs sector
2.1 Tree-level structure
































































are mass parameters, and g; g
0































































































is performed. The spectrum consists of:




1 neutral boson, CP= 1 : A
0






















is the mass of the A
0




) system at tree level
can be obtained from


















<   0; (2.6)


















































2.2 Radiative corrections to the Higgs masses
The simple tree-level results are changed signicantly when radiative corrections are taken into
account [1, 2, 3, 4, 5, 6, 7, 8, 9]. In this paper we make use of the on-shell renormalisation






























































0 , documented in [9]. The individual


































































































































































are the formal parameters of (2.7). The physical one-loop
masses are determined by the pole positions of the matrix (2.9). They can be obtained as the











































0 in order to distinguish them from the
formal tree-level masses (2.7).
























decays is shown in Figure 2.1 (all masses in
GeV, the same applies for all gures) for a typical set of parameters. M
SUSY
is the scalar mass









the simplest approximation, assuming unmixed left and right stop squarks, the renormalised self













































M    =1000,M   =170















































































































































































-vertex is obtained by the substitution sin(+ ) !   cos(+ ) .
4












from (3.2) and the
renormalized vertex correction T
h
0 . This expression consists of the sum of all vertex correction


































All diagrams contributing to the vertex corrections are shown in Figures 3.1 and 3.2. Their
















































































































































Figure 3.1: vertex corrections, part 1

















































































































































































































































































































































































































































































denote the diagonal and non-diagonal self energies, and 
0
the derivative with respect
to the momentum squared. As has been checked analytically, the sum of the vertex diagrams
and the counterterm is UV-nite.
3.2 Approximations
For practical purposes it is convenient to consider in particular the subset of vertex correction
diagrams containing terms  m
4
top
















































The coecient of the  m
4
top










































































































































































This very simple formula approximates the full 1-loop result surprisingly well. The size of the
vertex corrections and the quality of the approximation (3.8) are displayed in Figure 3.4.
Term (II) reproduces exactly the result given in [3] for the case A
t




-term of the expression in [7]. In the general case for A
t
;   O(m
~
t
), the contribution (III)
can be of similar size.




have to be replaced by the

















































) (;  = L;R): (3.10)
The diagrams of Figure 3.3 have been computed also for mixed sfermions. The result can be cast








, the eigenvalues of the nondiagonal
sfermion mass matrix.






















h → AA,all diag.
h → AA,only mt
4
-diag.











































are the vertex corrections (3.3) and (3.4). Z
h
0 is the residue of the h
0
-propagator in










































































































































amplitude with higher order contributions










































can be diagonalised by 
eff































replaces the lowest order quantity in the tree level vertex (3.2). The use of 
eff
is equivalent


























In the further simplication of this expression, T
h




of Eq. (3.7). The
comparison of the full one-loop amplitude and the two approximations is shown in Figure 4.2.





































is determined at the 1-loop level by the mass M
h
0
and the decay amplitude T
1
in (4.1).







































































approx. (αeff, only mt4-diagr.)
Figure 4.2: Full 1-loop amplitude T
1











does not occur because such light charginos are excluded from the direct













f have been calculated taking into account the full set of
propagator corrections given in ref. [9] and the QCD corrections given in ref. [13]. The full set
of electroweak vertex corrections is also available [10], but they are numerically of subleading
size and can be neglected at a sucient level of accuracy. The decay widths for h
0
! gg has
been computed taking into account the top- and the bottom-loop, as pointed out in ref. [13].
5 Discussion






in a twofold respect: The loop










50 1000 15.9 14.6
300 1000 17.3 17.0
50 500 14.4 15.1
300 500 29.9 31.2
50 300 12.2 14.0
300 300 88.0 90.2
Table 5.1: Deacy width  
1













= 25GeV; tan = 0:8;M = 500GeV ,
diagonal sfermion mass matrix






coupling over the tree level









from the full 1-loop calculation, Eq. (4.7), is shown in Figure 5.1. It is worth to note that the
simplied approximation based on Eq. (4.6) with 
eff
from (4.5) and the vertex corrections
(3.7) yield results which deviate not more than 10% from the full calculation. The quality of the
approximations is made more explicit in table 5.1, where for various sets of SUSY parameters
the approximate and full 1-loop results are compared. As a general feature it appears that the
approximations are suitable for the most cases. Only for unreasonably small values of tan the
approximation becomes unreliable (see Figure 4.2).
The dependence on the top mass is much weaker as naively expected from the expressions
in (3.7). The powers of m
t





leaving only a logarithmic behaviour with m
top
, as pointed out in ref. [7].







































) for decays into  pairs




























































































couplings of this paper and ref [7] (see
text). The parameters are as in table 5.1.
Our results agree fairly well with those of refs. [3, 7]. The reason is the already mentioned good
quality of an approximate calculation with terms involving only top and stops. For comparison,
we put together the results of the complete calculation and of the RG method of ref. [7] in












vertex in Eq. (3.2), (3.3) and the
corresponding expression in ref. [7]. Both results are very close for large values ofM
SUSY
. They
deviate more for lower values of the stop masses and with increasing ;A
t
, as expected from the
last term of Eq. (3.8).
We have not implemented the recently calculated leading 2-loop results to the neutral MSSM
Higgs boson masse [14], based on eective potential and renormalization group methods. They
would modify the complete 1-loop results in the same way as the approximations and thus do
not inuence the dierences discussed here which are only obtained by an explicit diagrammatic
calculation.
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Appendix
A Masses and constants
A.1 Sfermions

























































































=   tan  ; A
u
=   cot  (A.3)
which, however, is only important for stops since the non-diagonal terms are suppressed for the


































( = L;R) (A.5)
enter the bilinear stop vertices of the diagrams in section 3, according to Eq. (3.10).
A.2 Charginos



































contains the SU(2) gaugino mass parameter M and the Higgsino doublet mixing parameter .



































































































































































































































The physical neutralino mass-eigenstates can be computed with the help of a unitary diagonal-


















The matrix Y contains the U(1) gaugino mass M
0
parameter as a further input quantity. As



























-vertex. For the Feynman rules we adopt the convention of [11]. The enumeration
refers to section 3, g. 3.1 and 3.2. The indices denote the particles inside the loop with



























































































is suppressed. The symmetry factors are included. The color factor
N
f
which occurs for fermion and sfermion loops is 3 for quarks and squarks, 1 otherwise. f









over the various generations is understood.
For given external momenta the rst two arguments of the C
0
-functions are the same in all






























) = k denotes the momentum













to replace the h
0
-coupling by the corresponding H
0











































































































































































































cos(   )  M
Z




































































































































































































































































































































































































































































































































































2 sin(+ ) cos(+ )




















































































2 sin(+ ) cos(+ )





























































































































































































































































































































































































































































































In the following, vertex corrections U; V and N denote the diagonalising matrices given in


























































































































































































































































































































































The following couplings have to be inserted:


































sin    S
jk
















































































































































































































































































































































The following couplings have to be inserted:






















sin    S
00
ki





















































































































































































































































































































































































































































































































































































































































































































































































































sin(   ) cos
2















































































































































































































































































































































[1] H.E. Haber, R. Hemping Phys. Rev. Lett. 66 (1991) 1815
[2] J. Ellis, G. Ridol, F. Zwirner, Phys. Lett. B 257 (1991) 83
[3] A. Brignole, J. Ellis, G. Ridol, F. Zwirner, Phys. Lett. B 271 (1991) 123, E: B 273 (1991)
550
[4] R.Barbieri, M.Frigeni, Phys. Lett. B 258 (1991) 395
R.Barbieri, M.Frigeni, F. Caravaglios, Phys. Lett. B 258 (1991) 167
J.R. Espinosa, M. Quiros, Phys. Lett. 266 (1991) 389
K. Sasaki, M. Carena, C.E.M. Wagner, Phys. Rev. Lett. B 381 (1992) 66
[5] A. Brignole, Phys. Lett. B 277 (1992) 313
A. Brignole, Phys. Lett. B 281 (1992) 284
[6] Y. Okada, M. Yamaguchi, T. Yanagida, Phys. Lett. B 258 (1991) 167;
A. Yamada, Phys. Lett. B 263 (1991) 233
[7] H.E. Haber, R. Hemping, Y. Nir, Phys. Rev D 46 (1970) 3015
[8] P.H. Chankowski, S. Pokorski, J. Rosiek, Phys. Lett. B 274 (1992) 191, Nucl. Phys. B 423
(1994) 437, Nucl. Phys. B 423 (1994) 497
24




Collisions at 500 GeV:
The Physics Potential, Part C, ed. P.M. Zerwas, DESY 93-123C, Hamburg 1993
A. Dabelstein, Z. Phys. C 67 (1995) 495
[10] A. Dabelstein, Nucl. Phys. B 456 (1995) 25
[11] J.F. Gunion, H.E. Haber, G. Kane, S. Dawson: The Higgs Hunter's Guide, Addison-Wesley,
1990
[12] ALEPH-Collaboration, D. Buskulic et al., Phys. Lett. B 313 (1993) 312
[13] A. Djouadi, M. Spira, P.M. Zerwas: QCD Corrections to Hadronic Higgs Decays, Preprint
DESY 95-219, KA-TP-8-1995
[14] R. Hemping, A. Hoang, Phys. Lett. B 331 (1994) 99;
M. Carena, J.R. Espinosa, M. Quiros, C. Wagner, Phys. Lett. B355 (1995) 209;
M. Carena, M. Quiros, C. Wagner, CERN-TH-95-157, hep-ph/9508343
25
